AR R@l- 12312 A

The Flavor and Fragrance High Production Volume
Consortia

The Aromatic Consortium

Test Plan for Cinnamyl Derivatives

Cinnamaldehyde (3-phenyl-2-propenal) CAS No. 104552

alpha-Amylcinnamaldehyde (2-amyl-3-phenyl-2-propenal) CAS No. 122-40-7

alpha-Hexylcinnamaldehyde (2-hexyl-3-phenyl-2-propenal) CAS No. 101-86-0

p-t-Butyl-alpha-methyldihydrocinnamaldehyde (3-(p-t- CAS No. 80-54-6
butylphenyl)-2-methylpropanal)

FFHPVC Aromatic Consortium Registration Number

Submitted to the EPA under the HPV Challenge Program by:

The Flavor and Fragrance High Production Volume Chemical
Consortia

1620 | Street, NW, Suite 925
Washington, D.C. 20006
Phone: 202-331-2325
Fax: 202-463-8998

,.
u
Y

a0 Ldd

(ETERE

00:8 HY 61 KVl 1002



List of Member Companies

BASF
BF Goodrich Company
Bush Boake Allen, Incorporated
Eastman Chemical
Firmenich, Incorporated
Givaudan Corporation
Haarmann & Reimer
IClI Americas
International Flavor & Fragrances, Inc.
KoSa
Polarome

Rhodia, Incorporated



1
2

4

Table of Contents

IDENTITY OF SUBSTANCES ...ioviooiviiiiis i 1
CATEGORY ANALYSIS st ssssssssssssssens 2
21 INTRODUGTION «-:cetneeunaeunaeenaeenaaetnaeennaaeanaaennaeennaaetnaennaaeenaeenaennnnns 2..
2.2 BACKGROUND INFORMATION #rrereresesaetetmmmtmitmitmieaeaiereaereaernsaainsnnans 2.
2.3 STRUCTURAL CLASSIFICATION «euutrreeeeiuteeeeesissreeesaissseesassseesssisseeeesaseess 3.
2.4 PRoODUCTION OF CINNAMYL DERIVATIVES «cexceererrrernrerumermenneenneenaeennenns 3
2.5 CHEMICAL REACTIVITY AND METABOLISM «rerrerrerrmmnerrrminrmiminneimineiminnes 4
25. 1 Absorption, Distribution, and EXCretion ..., 4
2.5.2 Oxidation and Conjugation REACLIONS.. wwerwrsssrrersssssssssssssssssesssssseee 6
TEST PLAN ot bssssssss s ssss st ssssssssssasssans 9
31 CHEMICAL AND PHYSICAL PROPERTIES «cctrvvrersaneeesaaneeeranneermmnnermanneemmnnees 9
3.1.1 |\/|e|t|ng 3] 9
3.1.2  BOIlNG POINE woovvvrreeerrvrrsssmessessssssessesssssssssssssssssssssssssssessssssssseseens 9
313 VAPOr PrESSUIE rvmrmsrssmssmsssssssmssssssssssssssssssssssssssssssssns 9
3.1.4 Octanol/Water Partition CoeffiCientS: s 10
3. 1.5 Water SOlUDIHTtY......nrenssssssissinssssssssssssssssssssssssssssssseens 10
3.1.6 New Testing REQUITE v 10
3.2 ENVIRONMENTAL FATE AND PATHWAYS «eereurueetrreteneteeaenrenreeeeaeneeneneens 11
T2 I 2731010010 110 =10 - 1[0 R —— 11
3.2.2 SEhility iN WALES . cooverevrensensnsssssssssssssssssssssssssssssssssssens 11
3.2.3 Biodegradation s 11
B.2.4 FUQACITY crrerrerrsersemsmmsmsssssssssssssssssssssssssssssssssssssessessessees 12
3.2.5 New TeSting REQUIIEH -ereeermssmmsmerrsssssssssssssssssssssssssssssssssssssssees 12
3.3.1  Acute TOXICity t0 FiSh s 12
332 Acute Toxicity to Aquatic INVErtebrates. ., 13
333 Acute ToxicCity to Aquatic Plants.. ..., 13
334 New Testing REQUITEd.. wmmmmmmmmmsssssssssssssssssssssssssssssssssssssss 13
3.4 HUMAN HEALTH DATA oereertertiiitiiiiii s 14
341 ACULE TOXICItY.. rerrrrmsrssrmmsssssssssssssssssssssssssssssssssssssssssssssssssssssssses 14
342  GENEtiC TOXICILY wrrmsrmererrsmmmssssssssssssssssssssssssssssssssssssssssssssssssssees 14
B4.2.1 N VIETO.. oottt ettt ettt 14
I B2 | s TR 1Yo YO 18
IR TN 070 o 111= 1o 4 FSTOS 18
3.4.3 Repeat DOSE TOXICILY. v 18
344 Reproductive L0 | R— 23
345 Developmental  TOXICIY e 25
3.4.6 New Testing REQUITET cvvvvemsvsssesnssissssssssssssssssssssssssees 25
3.5 TEST PLAN T ABLE.. «+rrrretrtttttttititititit st 26
REFERENCES FOR TEST PLAN AND ROBUST SUMMARIES...-28



l

The HPV Challenge Test Plan for Cinnamyl Derivatives

Identity of Substances

Q_ﬂ:

Cinnamaldehyde
3-phenyl-2-propenal
CAS No. 104-55-2

H13C6 0]

alpha-Hexylcinnamaldehyde

2-hexyl-3-phenyl-2-propenal
CAS No. 101-86-0

HCs o

alpha-Amylcinnamaldehyde
2-amyl-3-phenyl- 2-propenal
CAS No. 122-40-7

: 0

H
p-t-Butyl-alpha-
methylhydrocinnamaldehyde
3-(p-t-butylphenyl)- 2-methylpropanal
CAS No. 80-4-6



2 Category Analysis

2.1 Introduction

In October of 1999, members of the U.S. flavor and fragrance industries and other
manufacturers that produce source materids used in flavors and fragrances formed
consortia of companies in order to participate in the Chemica Right-to-Know Program.

Members of these consortia are committed to assuring the human and environmental
safety of substances used in flavor and fragrance products. The consortia are organized as
the Flavor and Fragrance High Production VVolume Consortia (FFHPVC). The Aromatic
Consortium, as a member of the FFHPV C serves as an industry consortium to coordinate
testing activities for aromatic substances under the Chemical Right-to-Know Program.
Twelve (12) companies are current members of the Aromatic Consortium. The Arométic
Consortium and its member companies are committed to assembling and reviewing
avalable test data, developing and providing test plans for each of the sponsored
chemicas, and, where needed, conducting additiona testing. The test plan, category
andyss and robust summaries presented below are the fird phase of the Aromatic
Consortium’'s commitment to the Chemica Right-to-Know Program.

2.2 Background Information

The chemical category designated “Cinnamyl Derivaives’ incdudes cinnamadehyde, two
akyl-subgtituted cinnamadehydes, and one akyl-subgtituted dihydrocinnamadehyde
derivative. The four substances are grouped together because of their close structura
relationships and the resulting amilarities of ther physo-chemicd and toxicologica
properties.

In nature, cinnamadehyde is the predominant condituent of cassa oil and Ceylon
cinnamon bark ail. It is responsible for the spicy aroma strongly reminiscent of cinnamon
spice. It is common components of traditiond foods. Cinnamadehyde, alpha-
amylcinnamddehyde, and apha-hexylcinnamadehyde are currently recognized by the
U.S. Food and Drug Adminigtration (FDA) as GRAS (“generdly regarded as saf€’) for
their intended use as flavoring substances [Hal and Oser, 1965]. p-t-Butyl-alpha-



methylhydrocinnamadehyde is used only in fragrance products. Quantitative naturd
occurrence data for cinnarnaldehyde indicates that ord intake occurs predominantly from
consumption of cinnamon spice products and cinnamon flavorings [Stofberg and
Grundschober, 1987; Stofberg and Kirschman, 1985]. Greater than 38,000 kg [Stofberg
and Grundschober, 1987] of cinnamadehyde is consumed annudly as a naturd
component of food while 45 1,400 kg is consumed as an added flavoring substance in the
U.SA. annually [Lucas et al., 1999].

dphaAmylcinnamadehyde  and dphahexylcinnamaddehyde have a flowery aroma
reminiscent of jasmine and are widdy used as fragrance ingredients in cosmetics, soaps,
detergents and other fragranced consumer products. Because both substances are stable in
akdi, they are used in sogp pefumes. p-t-Butyl-apha-methylhydrocinnamal dehyde,
commonly recognized as lilid, produces a stable and long lasting pleasant, mild blossom
odor popular in soap and cosmetic products with a “lily of the valley” or linden fragrance.

2.3 Structural Classification

The four substances in this group are un-substituted or alkyl-substituted cinnamaldehyde

or 2,3-dihydrocinnamadehyde derivatives. Common structural festures among members
of this chemicd category are tha they contain ether a 3-phenyl-2-propenal or 3-

phenylpropanal  backbone. The group includes cinnamadehyde (3-phenyl-2-propenal),
dpha-amylcinnamal dehyde (2-amyl-3-phenyl-2-propenal),  apha-hexylcinnamaldehyde
(2-hexyl-3-phenyl-2-propenal) and p-t-butyl-apha-methylhydrocinnamadehyde {3-(p-t-
butylphenyl)- 2-methy |propanal } .

2.4 Production of Cinnamyl Derivatives

The tram- isomer of cinnamaldehyde predominates in nature. On a commercid scale,
cinnamadehyde is prepared dmost exclusvely from the akaine condensation of
benzaidehyde and acetadehyde [Richmond, 1950]. In a Smilar manner, alpha-
amylcinnamadehyde and, apha-hexylcinnamadehyde are prepared by the condensation
of heptand and octand, respectively, with benzaldehyde. These adehydes must be
protected from oxidation to the corresponding carboxyhc acid. Therefore, antioxidants



are added as dabilizers. The remaining substance in the chemical category, p-t-butyl-
a pha-methylhydrocinnamal dehyde is prepaed by the condensaion of p-t-
butylbenzaldehyde with propand. It is also prepared by reduction of alpha-
methylcinnamadehyde to yield alpha-methylhydrocinnamic acohol. The adcohal is then
dkylated with fert-butyl chloride and subsequently oxidized to the adehyde [Webb,
1981].

2.5  Chemical Reactivity and Metabolism

2.5.1 Absorption, Distribution, and Excretion

Cinnamaldehyde, the alpha-amyl and alpha-hexy| derivatives and its saturated andlog -
t-butyl-apha-methyldihydrocinnamadehyde) are repidly absorbed from the gut,
metabolized and excreted primarily in the urine and to a minor extent, in the feces.
Rodent and humans studies for cinnamaldehyde and dpha-subgtituted cinnama dehydes
indicate that cinnamyl derivetives are absorbed, metabolized and excreted as polar
metabolites within 24 hours.

The tissue didribution and excretion of cinnamadehyde has been sudied in mae F344
rats [Sapienza et al., 1993]. Groups of male rats (8/group) were pretreated with Snge
daily ordl dose levels of 5, 50, or 500 mg/kg bw of cinnamaldehyde by gavage for saven
days. Twenty-four (24) hours later, animas in each group received a single ord dose of

[3-14C]-cinnamaldehyde equivaent to the pretreatment level. Groups of rats @/group)
recelving no pretrestment were also given single ord doses of 5, 50 or 500 mg/kg bw.

Radioactivity was distributed primarily to the gastrointestind tract, kidneys, and liver,
after angle ord dose and multiple ora adminigtrations. After 24 hours, more than 80% of
the radioactivity was recovered in the urine and less than 7% in the feces from dl groups
of ras, regardless of dose level. At dl dose levels, a smdl amount of the dose was
distributed to the fat. At 50 and 500 mg/kg bw, radioactivity could be measured in
animds terminated 3 days after dosing. Except for the high dose pretrestment group, the
mgor urinary metabolite was hippuric acid, accompanied by smal amounts of cinnamic
and benzoic acid. In the high dose pretreatment group, benzoic acid was the mgor



metabolite, suggesting that saturation of the glycine conjugation pathway occurs a
repeated high dose levels of cinnamaldehyde.

The effect of dose and sex on the disposition of [3- C-cinnamaldehyde has been studied
in F344 rats or CD1 mice [Peters and Cadwell, 1994]. Greater than 85% of either a 2.0
or 250 mg/kg bw dose of cinnamadehyde administered to groups of mae and femde
F344 rats (4/group) or CD1 mice (6/group) by intraperitoned injection was recovered in
the urine and feces within 24 hours. Greater than 90% was recovered after 72 hours.

When 250 mg/kg bw of [3-14C]-cinnamaldehyde was adminigtered ordly to F344 rats,
98% was recovered from the urine (91%) and feces (7%) within 24 hours [Peters and
Cadwell, 1994]. The effect of dose on the dispostion of [3-'*C-ds]-cinnamic acid in
F344 rats and CD1 mice has dso been studied. Five dose levels of cinnamic acid in the
range from 0.0005 mmol’kg bw (0.072 mg/kg bw) to 2.5 mmolikg bw (370 mg/kg bw)
were given ordly to groups of F344 rats (4/group) or by intraperitoned injection to
groups of CD1 mice (4/group). After twenty-four (24) hours, 73-88% of the radioactivity
was recovered in the urine of rats and 78-93% in the urine of mice. After 72 hours, 85-
100% of the radioactivity was recovered from rats manly in the urine [Cadwel and
Nutley, 1986]. In mice, the recovery was 89- 100% within 72 hours. Only trace amounts
of radioactivity were present in the carcasses, indicating that cinnamic acid was readily
and quantitatively excreted at dl dose levels [Nutley et al., 1994]. In summary, it appears
that the parent acohol, ddehyde, and acid undergo rapid absorption, metabolism, and
excretion independent of dose (up to 250 mg/kg bw), Species, sex, and mode of
administration.

In rats, dpha-methylcinnamaldehyde [Kay and Raper, 1924] and p-methylcinnamic acid
[Solheim and Schdline, 1973] are rapidly absorbed, metabolized, and excreted in the
urine as free and conjugated forms of cinnamic acid or benzoic acid. Based on these
sudies, cinnamyl derivatives are anticipated to be rapidly absorbed, metabolized, and

excreted mainly in the urine within 24 hours.



25.2 Oxidation and Conjugation Reactions

The aomatic cinnamadehyde derivatives are readily oxidized to cinnamic acid
derivatives (see Figure 1). Human NAD' dependent acohol dehydrogenase (ADH)
catdyzes oxidation of primary acohols to aldehydes [Pietruszko et al., 1973]. Isoenzyme
mixtures of NAD" dependent adehyde dehydrogenase (AID) [Weiner, 1980] catayze
oxidation of adehydes to carboxylic acids. Aromatic acohols and adehydes have been
reported to be excdlent substrates for ADH [Sund and Theodll, 1963] and ALD [Feldman
and Wiener, 1972], respectively. The urinary metabolites of cinnamyl acohol and
cinnamadehyde are mainly derived from metabolism of cinnamic acid (see Figure 1).

Doses of 2 and 250 mg trans-[3-'*C]cinnamaldehyde/kg bw were given by ip. injection to
male and femae Fischer 344 rats and CD1 mice [Peters and Caldwell, 1994]. Doses of
250 mg/kg bw were aso administered via oral gavage to mae rats and mice only. In both
species, the mgor urinary metabolites were formed from oxidation of cinnamadehyde to
yidd cinnamic  acid, which was subsequently oxidized in the beta-oxidation pathway.
The mgor urinary metabolite was hippuric acid (71-75% in mice and 73-87% in rats),
accompanied by smal amounts of metabolites including 3 - hydroxy- 3 -phenylpropionic
acid (0.4-4%), benzoic acid (0.4-3%), and benzyl glucuronide (0.8-7.0%). The glycine
conjugate of cinnamic acid was formed to a consderable extent only in the mouse (4-
13%). To a amd| extent, glutathione conjugetion of cinnamadehyde competes with the
oxidation pathway. Approximately 6-9% of ether dose was excreted in 24 hours as
glutathione conjugates of cinnamaldehyde. The authors concluded that the excretion
pettern and metabolic profile of cinnamadehyde in rats and mice are not sysematicdly
affected by sex, dose size, or route of administration [Peters and Caldwell, 1994].

The toxicokinetic profile of cinnamadehyde has been investigated in mae F344 rats
[Yuan and Deiter, 1992]. Plasma levels of cinnamaldehyde (less than 0.1 pg/ml) and
cinnamic acid (less tban 1 pg/ml) were not measurable when rats (3-6/group) were
administered a single ord dose of 50 mg/kg bw of cinnamadehyde by gavage in corn oil.

At dose levels of 250 and 500 mg/kg bw, plasma leves of cinnamadehyde and cinnamic
acid were =] and less than 10 pg/ml, respectively. The bioavailability of cinnamaldehyde
was calculated to be less than 20% at both dose levels. A dose-dependent increase in
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hippuric acid, the mgor urinary metabolite, occurred 6 hours after gavage and continued
over the next 18 hours. Only small amounts of cinnamic acid were excreted in the urine
ether free or as the glucuronic acid conjugate. The urinary hippuric acid recovered over
50 hours accounted for 72-81% over the dose range from 50 to 500 mg/kg bw.

Approximately 15% of an ora dose of 250 mg cinnamaldehyde/kg bw administered to
rats by gavage was excreted in the urine & two mercapturic acid derivatives, N-acetyl-S-
(1. phenyl- 3= hydroxypropyl)cysteine  and ~ N-acetyl-S(  1-phenyl-2-carboxyethyl)cysteine,
in a raio of four to one. Approximatdy 9% of an ord dose of 125 mg cinnamyl
alcohol/kg bw was excreted in the wurine as  N-acetyl-S-(I-phenyl-3-
hydroxypropyl)cysteine [Delbressine et al., 193 1].

The pogtion and Sze of the subdituent do not sgnificantly affect the pathways of
metabolic detoxication of cinnamyl derivetives. Cinnamyl derivetives containing alpha-
dkyl subgtituents (eg. 2lpha-methylcinnamaldehyde) are extensvely metabolized via
beta-oxidation followed by cleavage to yidd mainly the corresponding hippuric acid
derivative. A benzoic acid metabolite was isolated from the urine of dogs given ether
alpha-methylcinnamic acid or apha-methylphenylpropionic acid [Kay and Raper, 1924].
These sudies suggest that dpha-methylcinnamadehyde undergoes oxidation to benzoic
acid while higher homologues are excreted primarily unchanged or as the conjugated
form of the cinnamic acid derivetive.

para (p-) Ring substituents (eg. 3 - (p- isopropylphenyl)propionadehyde and p-
methylcinnamadehyde) do not significantly impact metabolism via beta-oxidation. In
maedbino rats, p-methoxyc innamic acid has been shown to be metabolized primarily to
p-methoxybenzoic acid and its corresponding glycine conjugate [Solheim and Scheline,
1973]. Similar results were reported with 3,4-dimethoxycinnamic acid (which is meta and
para subgtituted) [Solhem and Scheling, 1976]. The structurdly related substance p-
tolualdehyde is metabolized to p-methylbenzoic acid without any apparent oxidetion of
the methyl group [Williams, 1959]. Based on these observations, it may be concluded
that the presence of side-chain akyl substituents and ring subgtituents do not dter the
principd metabolic detoxication pathway for cinnamyl derivetives. Each of the four



cinnamyl derivatives is oxidized to the corresponding acid followed ether by conjugation

and excretion or by beta-oxidation, conjugation and excretion

Figure 1

Metabolism of Cinnamaldehyde Derivatives
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3 Test Plan

31  Chemical and Physical Properties

3.1 .1 Melting Point

The mdting point of cinnamadehyde is reported to be —7.5°C [Merck, 1997] while that
of dphahexylcinnamadehyde is 4°C [Fenaroli’s, 1994]. The cdculated [SRC] mdting
paints (0.04 to 46°C) are significantly higher than experimental values.

3.1.2 Boiling Point

The increese in expaimentad boiling points in going from cinnamadehyde (246°C
[Merck, 1997] and 250°C [FMA]), apha-amylcinnamadehyde (284°C [FMA]), dpha
hexylcinnamaldehyde  (304°C [FMA]), to p-t-butyl-alpha-methylhydrocinnamaldehyde
(258°C [Arctander, 1969]) is consstent with an increase in molecular weight and alkyl
group branching. Boiling points caculated by the Stein and Brown Method produce the
same trend in bailing points for cinnamadehyde (227°C), dpha-amylcinnamaldehyde
(305°C), adpha-hexylcinnamal dehyde (319°C), and p-t-butyl-alpha-
methylhydrocinnamadehyde (280°C) hbut the difference in boiling point between
cinnamadehyde and the three alkyl-substituted cinnamaldehyde derivatives is grester
than experimentally determined values.

3.1.3 Vapor Pressure

The reported vapor pressure for  dphahexylcinnamadehyde, 0.0002 mm Hg
[Vuilleumier, 1995] is in good agreement with calculated vapor pressures of less than
0.001 [FMA] and 0.00048 mm Hg (Modified Grain Method) [SRC]. The calculated
vapor pressure of less than 0.001 mm Hg [FMA] and 0.0012 mm Hg (Modified Gran
Method) [SRC] for alpha-amylcinnamadehyde, and 0.00358 mm Hg (Modified Grain
Method) for p-t-butyl-alpha-methylhydrocinnamaldehyde [SRC] are consstent with that
of dphahexylcinnamaddehyde (, sSnce ther increased vapor pressure reflect ther
decreased molecular weights (14 daltons less than the alpha-hexyl derivaive).
Cinnamddehyde, having the lowest molecular weight, exhibits a proportionately higher



caculated vapor pressure of 0.02 mm Hg [FMA] and 0.09 mm Hg (Antoine and Grain
Method) [SRC].

3.1.4 Octanol/Water Partition Coefficients

The caculated log Kow vaues [SRC] of 4.33 for alpha-amylcinnamaldehyde, 4.82 for
dpha-hexylcinnamaldehyde, and 4.36 for p-t-butyl-apha-methylhydrocinnamaldehyde
follow the same trend but are dightly lower than experimenta values of 4.7 [Givaudan-
Roure, 1994a], 5.3 [Givaudan-Roure, 1994d], and 4.2 [Givaudan-Roure, 1994b],
repectively determined by OECD guideline 117. Experimentd vaues show a dightly
higher lipophilic character (i.e., higher log Kow) than are estimated by the modd [SRC].
The expeimenta log Kow for the more polar, lower molecular weight adehyde,
cinnamaldehyde, is also expected to be dightly lower than the caculated log Kow of 1.82
[SRC].

3.1.5 Water Solubility

The water solubilities of 33 mg/L [Givaudan-Roure, 1995] obtained according to OECD
105 guideline and less than 100 mg/L [Givaudan-Roure, 1994b] and 200 mg/L [BBA,
1990] reported usng other experimentd  procedures  for p-t-butyl-alpha-
methylhydrocinnamadehyde are an order of magnitude grester than the caculated
olubility of 7.8 mg/L. (KOWWIW). Other caculated solubilities of 85 mg/L for alpha-
amylcinnamadehyde, 2.75 mg/L for alpha-hexylcinnamadehyde, and 2150 mg/L for
cinnamadehyde are expected to be 5-10 times less than experimentally measured water
solubilities. Because of the wide discrepancies between measured and calculated values
for water solubility, it is recommended that water solubilities be measured using OECD
guidelines for cinnamaldehyde and p-t-butyl-alpha-methylhydrocinnamaldehyde.

316 New Testing Required
Measurement of water solubility is recommended for cinnamaldehyde and p-t-butyl-
apha-methylhydrocinnamal dehyde.
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3.2  Environmental Fate and Pathways

3.2.1 Photodegradation

The cdculated photodegradation haf lives (AOPWIN) of the four cinnamadehyde
derivatives are in the range from 2.33 to 3.88 hrs. Structuraly, 3 of the 4 substances in

this category are alpha, beta-unsaturated adehydes. These substances have an oxidizable
adehyde function and an dlylic position (C,4) labile to attack by hydroxy radical species

in the gas phase. The known chemicd reactivity of these subdrates supports short

photodegradation half-lives predicted by the model.

3.2.2 Stability in Water

No hydrolyss is possble for any of these 4 cinnamadehyde derivatives. All four are
expected to be rdatively sable in agueous solution, dthough they may be dowly

oxidized to the corresponding dnnamic acid derivative in agueous media.

3.2.3 Biodegradation

Sudies for  dpha-amylcinnamadehyde, dpha-hexylcinnamadehyde, and  p-r-butyl-
dpha-methylhydrocinnamal dehyde demonstrate  these materids to be readly
biodegradable. Biodegradation of dpha-amylcinnamadehyde was 70.5% and 90% after
28 days usng OECD test guidelines 301B [Quest, 1996] and 301F [Givaudan-Roure,
1992a], respectively. Smilarly, adphahexylcinnamadehyde was 76.5% and 97%
biodegraded after 28 days usng OECD test guiddlines 301B [Quest, 1994] and 301F
[Givaudan-Roux-e,  1992b], respectively and p-t-butyl-alpha-methylhydrocinnamaldehyde
was 84% and 96% biodegraded after 28 days using test OECD guiddine 301F
[Givaudan-Roure, 1994c; BBA, 1990]. The three cinnamyl derivetives met the 10 day
window criteria for biodegradability. Although no biodegradetion study is available for
cinnamadehyde, this substance, like the other three cinnamaddehyde derivatives contains
an oxidizable adehyde function. There is no reason to suspect that cinnamadehyde will
not be readily biodegradable using either test OECD guideline 301B or 301F.

1



3.2.4 Fugacity

Trangport and didribution in the environmental were moddled using Leve 1 Fugacity-
based Environmental Equilibrium Partitioning Modd Version 2.11 [Mackay and Dondd,
199 1]. The principd input parameters into the mode are molecular weight, melting point,
vapor pressure, water solubility, and log Kow. Where mesasured vaues were available,
these were used but where they were not, cdculated data from the EPIWIN series of
programs were used. Based on the comparable physiochemica properties of the four
ddehydes, it is not unexpected that the four would exhibit smilar digribution in the
environment. The sgnificance of these calculations must be evaluated in the context thet
the substances in this chemica category are reedily oxidized in the environment to
corresponding carboxylic acids. The adehydes have been shown to be readily and/or
ultimately biodegradable, and the remainder would be expected to behave smilarly in the
environment. Since the modd does not account the effects of biodegradation, the
relevance of fugacity calculations for these substances is highly questionable.

325 New Testing Required

None

3.3  Ecotoxicity

3.3.1 Acute Toxicity to Fish

Only ECOSAR calculated vaues are available. The 96-hour LC50 for cinnamddehyde is
calculated to be 11.9 mg/lL while the alkyl substituted homologues alpha-
amylcinnamadehyde  and dpha-hexylcinnamadehyde, being more lipophilic, ae
caculated to have LC50 values about one third of that for cinnamaldehyde (3.14 mg/L
and 2.36 mg/ll, respectivdy). The remaning  substance p-t-butyl-alpha-
methylhydrocinnamaldehyde possessng the same molecular weight as alpha-
amylcinnamaldehyde and is dso an dkyl subgtituted cinnamadehyde is caculated to
have approximately the same LC50 (LD50=3.19 mg/L). Because of the lack of fish acute

toxicity data on this group, the QSAR agorithm should be vaidated by conducting LC50
assays with cinnamaldehyde andp-t-butyl-al pha-methylhydrocinnamal dehyde.
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3.3.2 Acute Toxicity to Aquatic Invertebrates

Only an ECOSAR cdculated vaue is available for cinnamadehyde a 8.1 mg/L (48-hour
Daphnia LC50). It does not differ sgnificantly from that for fish. The Daphnia 48-hour
LC50s for the more lipophilic substances dpha-amylcinnamadehyde and alpha-
hexylcinnamaldehyde are calculated to be 0.416 and 0.224 mg/L, respectively. The
cdculated L.C50 for p-t-butyl-alpha-methylhydrocinnamaldehyde is in the same range,
0.403 mg/L. Because of the lack o data on this chemical category, the QSAR dgorithm
should be vdidated by conducting tests on cinnamadehyde and p-t-butyl-apha
methylhydrocinnamal dehyde.

3.3.3 Acute Toxicity to Aquatic Plants

The only study of agee toxicity indicates that a 50 uM solution of cinnamaldehyde
inhibits the growth of green agee by 35% after 80 hours and 5% after 160 hours
[Dedonder, 1971]. ECOSAR cdculated 48-hour EC50 values for cinnamadehyde (8.1
mg/L), aphaamylcinnamadehyde (0.871 mg/L), aphahexylcinnamadehyde (0.343
mg/L), and p-t-butyl-alpha-methylhydrocinnamaldehyde (0.827 mg/L) are consistent
with cadculated vaues for acute fish and aquatic invertebrate toxicity cited above. The
QSAR dgorithm should be vdidated by conducting tests on cinnamadehyde and p-z-
butyl-alpha-methylhydrocinnamaldehyde because of the lack of data on this group.
Assuming the measured values for cinnamadehyde and  p-t-butyl-alpha-
methylhydrocinnamal dehyde in fish, Daphnia, and green dgae are greater than caculated

vaues; it will not be necessary to conduct this test on the other two members of this
chemical category.

334 New Testing Required

« Acute toxicity to fish by OECD guideline 203 for cinnamaldehyde and p-t-butyl-
alpha-metbylbydrocinnamic aldehyde. (Due to limited solubility of these
substances, LC50 will be caried out only up to the solubility limit of the
substance in a static-renewal test.)

« Acute toxicity to Daphnia by OECD guiddine 202 for cinnamadehyde and p-t-
butyl-al pha-methylhydrocinnamal dehyde.
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« Acute toxicity to agee according to OECD guideline 201 for cinnamadehyde and
p-t-butyl-al pha-methylhydrocinnamal dehyde.

3.4 Human Health Data

3.4.1 Acute Toxicity

Ora LD50 vaues have been reported for the four substances in this chemicd category. In

rats, LD50 vaues are in the range of 2220-3400 mg/kg, demondtrating that the oral acute

toxicity of these substances is extremely low [Denine and Paanker, 1973; Jenner et al.,

1964; Kedting, 1972; Levenstein and Wolven, 1972; Levenstein, 1975; Levenstein, 1976;

Moreno, 197 1; Moreno, 1972; Moreno, 1973; Moreno, 1974; Moreno, 1975; Moreno,
1976; Moreno, 1977a; Moreno, 198 1; Moreno, 1982; Opdyke, 1974; Russdll, 1973;

Schafer et al., 1983; Weir and Wong, 1971; Wohl, 1974; Zaitsev and Rakhmanina,
1974]. Lowest LD50 vaues are reported for cinnamadehyde (LD50=1160 mg/kg) while
LD50 values for the akyl-substituted derivetives are in the range from 3100 mg/kg to
3730 mg/kg. LDS50 vaues in the range from gpproximately 2318 to 3400 mg/kg have
been reported in mice [Draize €t al., 1948, Harada and Ozeki, 1972, Levendtein, 1975;

Schafer and Bowles, 1985; Zaitsev and Rakhmanina, 1974].

Dermd acute toxicity shows a amilar trend for the four substances in this chemicd
category. Derma LD50 vaues range from a low of 590 ulkg for cinnamadehyde to
more than 2000 mg/kg for apha-amylcinnama dehyde, more than 3000 mg/kg for alpha-
hexylcinnamaldehyde, and  more than 5000mgikg for  p-t-butyl-alpha-
methylhydrocinnamaldehyde [Moreno, 197 1; Moreno, 1973b; Moreno, 1977b; Shelansi,
1973; Draize €t al., 1948; Zaitsev and Rakhmanina, 1974].

3.4.2 Genetic Toxicity

3.4.2.7 Invitro

Cinnamadehyde (trans and unspecified stereochemistry), apha-amylcinnamaldehyde,
dpha-hexylcinnamadehyde, and  p-t-butyl-alpha-methylhydrocinnamaldehyde were
inactive in Salmonella typhimurium, including strains TA92, TA94, TA97, TAS9S,
TA100, TA102, TA104, TA1535, TA1537, TA1538, and TA2637. The assays were
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performed at concentrations ranging up to the leve of cytotoxicity, both in the absence
and presence of metabolic activation (S9 fraction) obtained from the livers of Aroclor
1254 or methylcholanthrene-induced Sprague-Dawley rats or Syrian hamgters [Azizan
and Blevins, 1995; Dillon et al., 1992; Eder et al., 1980; Eder et al., 1982a; Eder et al.,

1982b; Eder et al., 1991; FHorin et al., 1980; Fujita and Sasaki, 1987; Ishidate et al.,

1984; Kasamaki et al., 1982; Lijinsky and Andrews, 1980, Mamett et al., 1985;

Neudecker et al., 1983; Sekizava and Shibamoto, 1982; Tennant et al., 1987, Wild et al.,
1983; Wagner, 1999; Givaudan-Roure, 1984].

Some weakly equivocd- to-postive results were reported for cinnamadehyde in
Salmonella typhimurium drain TA100 usng the pm-incubation method [Dillon et al.,
1992; Ishidate et al., 1984]. However, the mgority of smilar studies in strain TA100,
including a recent study using a prolonged pre-incubation time (120 minutes), and others
using the standard plate incorporation method, did not find any evidence of mutagenicity
[Azizan and Blevins, 1995; Eder et al., 1982a, Eder et al., 1982b; Eder et al., 1991;
Kasamaki et d., 1982; Lijinsky and Andrews, 1980; Neudecker et al., 1983; Sasaki and
Endo, 1978; Sekizawa and Shibamoto, 1982; Wagner and Twarszik, 1999; Givaudan-
Roure, 1984].

Mutation assays in Escherichia coli strains WP2 uvr4 were negdive for cinnamadehyde
and p- t-butyl-alpha-methylhydrocinnamaldehyde [Yoo, 1986; Sekizawa and Shibamoto,
1982; Wagner, 1999]. Cinnamadehyde produced equivocal to postive results in the
forward mutation assay in L5178Y mouse lymphoma cdls both with and without
metabolic activation, but the reports describing these tests did not provide sufficient
detaills on the methodology, test concentrations, or cytotoxic effects to adequately
evaluate the results [Palmer, 1984; Rudd et al., 1983]. In L1210 mouse lymphoma cells,

DNA drand breaks were observed only at cytotoxic concentrations of cinnamaldehyde
[Eder et al., 1993].

Tedts for the induction of Sgter chromatid exchange (SCE) in Chinese hamster ovary
(CHO) cdls exposed to cinnamadehyde produced negative results a low concentrations
and weskly postive results a concentrations gpproaching cytotoxic levels, suggesting
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only wesk SCE activity [Galloway et al., 1987; Sasaki et al., 1987]. A dose-dependent

increase in SCE was reported only when cultures were pre-treated with mitomycin C
[Sasaki et al., 1987]; however, in the absence of SCE activity by cinnamadehyde aone,

the activity in conjunction with mitomycin contributes little to the evauation of the
potentid SCE activity. Cinnamaldehyde was reported to induce chromosome aberrations
at low concentrations (i.e., less than 15 ug/ml) in Chinese hamgter fibroblasts and B241

cdls tested with and without metabalic activation [Ishidate et al., 1984; Kasamaki et al.,
1982; Kasamaki and Urasawa, 1985]. However, higher concentrations were negative in
CHO cdls, both with and without metabolic activation in a well-conducted, repeated

assay [Galoway et al., 1987]. Negative results were obtained with cinnamaldehyde in the
mutation assay in Chinese hamster V79 cells [Fiorio and Bronzetti, 1994].

The positive results obtained in Mouse Lymphoma Assays (MLA) were a near-letha
concentrations in studies reporting cel lethdity. The results of the MLA for smple

diphatic and aromatic substances have been shown to be inconastent with the results o
other standardized genotoxicity assays [Heck et al., 1989; Tennant et al., 1987]. Culture
conditions of low pH and high osmoldity, which may occur upon incubation with
substances (ddehydes, carboxylic acids, and lactones) having a potentidly acidifying

influence on the culture medium, have been shown to produce fase-postive results in
this and other assays [Heck et al., 1989].

3.4.2.2 In vivo

An increae in the frequency of sex-linked recessve lethd mutations (SRLM) was
reported when Drosophila melanogaster was injected with 20,000 ppm cinnamaldehyde.
However, no increase in the frequency of mutations occurred when Drosophila
melanogaster  were fed 800 ppm cinnamaldehyde for three days. Reciprocal
trandocations were not observed in either assay [Woodruff et al., 1985]. The was no
evidence of SLRM when Drosophila melanogaster were maintained on 10 mM solutions
of ether apha-amylcinnamadehyde or aphahexylcinnamaldehyde [Wild et al., 1983].

In mammalian test systems, there was no evidence of an increase in unscheduled DNA
synthesis in hepatocytes when rats or mice were administered 1000 mg
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cinnamaldehyde/kg bw by ord gavage [Mirsdis et d., 1989]. In the rodent micronucleus
assay, the frequency of micronuclel was not increased when rats or mice were given 1700
mg/kg bw or 1100 mg/kg bw, respectively, of cinnamaldehyde by ord gavage [Mereto et
al., 1994] or when mice were administered 500 mg/kg bw by intraperitoned injection
[Hayashi et al. 1984, 1988]. The frequency of micronucleated bone marrow cells in mice
that had been exposed to X-rays decreased after 500 mg cinnamadehyde was
administered by intraperitoneal injection [Sasaki et al., 1990].

In one study [Mereto et al., 1994], an increase in micronucleated cells was reported in rat
and mouse hepatocytes, and in rat (but not in mouse) forestomach cdlls after ord gavage
dosing with cinnamaldehyde up to 1,100 mg/kg/bw (rats) or 1,700 mg/kg/bw (mice). No
increase in liver or forestomach micronuclel were observed a dose levels < 850 mg/kg
bw. No DNA fragmentation was observed in the rat hepatocytes or gastric mucosa cells.
An increase in the incidence and size of GGT-positive foci was in reported hepatocytes of
rais  pretreated  With N-nitrosodiethylamine and then administered 500 mg
cinnamaldehyde/kg bw/day by oral gavage for 14 days [Mereto et al., 1994].

The positive in vivo findings with cinnamadehyde in the rat forestomach and in the liver
of both rats and mice are incongstent with negative results observed in the standard bone
marrow assays and are observed at dose leves that result in significant toxicity. It has
been reported that cinnamaldehyde given at ord doses of > 500 mg/kg bw results in the
depletion of hepatocdlular glutathione levels [Swaes and Cadwdl, 1991; 1992; 1993].
Therefore, increases in micronuclel were reported at dose levels (1100 and 1700 mg/kg
bw) that appear to affect celular defense mechanisms (i.e., glutathione depletion). Based
on the fact the micronuclel formation is dose-dependent; it appears that induction of
micronucle is a threshold phenomenon, which occurs a extremely high levels of intake.
Also, the bolus doses resulting from gavage administration likely produce much greater
exposures to both the forestomach and liver, as compared to dietary or dermal
administration, The author [Mereto €t al., 1994] acknowledged these facts and concluded
that the data did not judtify the concluson that ciunamadehyde was clastogenic. As a
result of the gpparent threshold for micronude induction and the lack of activity in the
remainder of the in vivo studies, the results obtained with bolus, high-dose exposures
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occurring in the liver and foretomach are not consdered relevant to the safety of

cinnamaldehyde at norma exposure levels.

The concluson that cinnamadehyde and the three other cinnamyl derivatives are not
mutagenic, is based on the results of three in vivo mouse micronucleus assays in which
there was no evidence of an increase in the incidence of micronuclel when NMIR or ICR
mice were given oral doses of 1213 mg/kg bw of dpha-amylcinnamyl dcohol [Wild et
al., 1983], 756 mg/kg bw of aphahexylcinnamadehyde [wild et al., 1983], or 600
mg/kg of p-t-butyl-alpha-methylhydrocinnamaldehyde [Gudi and Krsmanovic, 2000].

3.4.2.3 Conclusion

Cinnamadehyde and its akyl-subgtituted derivatives lack direct mutagenic or genotoxic
activity, as indicated by the negative results obtained in bacterid test systems. Evidence
of genotoxic activity was obsarved in isolaed mammadian cdls, with the cinnamyl
compounds producing chromosome aberrations and/or mutations in the respective test
systems regardiess of the presence or absence of metabolic activation; however, the
reported in vitro activity did not trandate into mutagenic, clastogenic, or genctoxic
activity in vivo.

343 Repeat Dose Toxicity

Ora and/or dermd repest-dose studies are available for each of the 4 substances in this
chemica category.

Groups (I0/sex/group) of mae and femae Oshorne-Mendd rats were maintained on a
diet containing either O (control), 1000, 2500, or 10,000 ppm (approximately equivaent
to 50, 125, or 500 mg/kg bw/day, respectively) cinnamaldehyde for atota of 16 weeks.
Measurement of body weight and food intake recorded weekly showed no significant
difference between tet and control animads a any dose levd. At termination,
hematologicd examinations reveded norma vaues. At necropsy, no differences were
reported between mgor organ weights of test and control animas. Gross examination of
the tissue of dl animas was unremarkable. Histopathologica examination of 6-8
animas, equally represented by gender, in the high-dose group reveded a dight hepatic
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cdlular swelling and a dight hyperkeratosis sSquamous epithdium of the somach [Hagan
et al., 1967].

Groups of mde and femde ras (20/sex/group) were maintained on a diet containing
cinnamadehyde a levels caculated to result in the gpproximeate dally intake of either O
(contral), 58, 114, or 227 mgikg bw for 12 weeks. Observations of general condition and

behavior, as well as measurements of bodyweight, food intake, and efficiency of food
utilizetion were recorded regularly. No Satisticaly sgnificant differences between test
and control animas were noted. At week 12 of experimentation, hematologica
examinaion reveded normd blood hemoglobin levels, and urinanaysis reveded the
absence of urine glucose in dther sex and only trace levels of dbumin in mae urines
(attributed to the possible presence of semen). At necropsy, measurement of liver and

kidney weights revealed no significant difference between test and control groups. Gross
examination reveded occasond occurrence of respiraory infections in animas from al
groups. Histopathologica examination revealed no evidence of adverse effects that could
be related to administration of the test substance [Trubeck Laboratories, 1958a).

In a13-week study, groups of 10 mae and 10 female F344/N rats were administered O,

1.25, 2.5, 5.0, or 10.0% (0, 625, 1250, 2500, or 5000 mg/kg bw, respectively)

microencapsulated cinnamaldehyde in the diet. Necropses were performed on al
aurvivors and histopathologicd examinations were performed on the two highest dose
groups and the control group. There were no early deaths and no cinnamaldehyde-related
clinicd observations of toxicology. Group mean termind body weight values were
similar to untrested controls for the mae and the femae vehicle control group. However,
the group mean body weight values decreased for males and females in the 2.5, 5.0, and
10.0% dose groups. Food consumption for treated mae and female rats was depressed
during the firsd sudy week and was attributed to taste averson. Hematologica
evaduations did not show any overt cinnamadehyderelated toxicity. Clinicd chemigry
parameters that were increased by treatment included bile sdts and alanine transaminase

levels (mae and femde 10.0% dose group), suggesting mild cholestass. There were no
morphologica dterations to the liver based on microscopic examination. Gross necropsy
findings were limited to the stomach of the 2.5, 5.0, and 10.0% dose groups [NTP, 1995].
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Groups of male and femde rats (CFE strain; 15/sex/group) were maintained on a diet
containing O (control), 80, 400, or 4000-ppm & pha-amylcinnamadehyde for 14 weeks.
Additiona groups of 5 mae and 5 femae rats were maintained on diets containing 400

and 4000 ppm apha-amylcinnamaldehyde for 2 and 6 weeks. The respective mean
dietary intakes over the 14-week period were reported to be 0, 6.1, 29.9 and 287.3 mg/kg
bw/day for malesand 0, 6.7, 34.9, and 320.3 mg/kg bw/day for femaes. Measurement of

bodyweight, food and water consumption reveded no sgnificant differences between
trested and control groups. Hematologicd examinations (hemoglobin content,
hematocrit, erythrocyte and leucocyte counts, and individua leucocyte counts) and blood
chemistry determinations conducted at 2, 6, and 14 weeks reveded norma vaues.
Reticulocyte counts performed only on control and the high dose groups showed no

dgnificant differences.  Urinandyss peformed during the find week of treatment
revealed no difference in cel content and renal concentration tests for test and control

groups. Measurement of organ weights at autopsy reveded a datigticaly dgnificant
increase in relaive liver weight in males (p<0.01) and femaes (p<0.05) at the 4000 ppm

digtary leve after 14 weeks, increased somach weights in males at the 400 ppm leve

after 6 weeks, and increased relative kidney weight in maes (p<0.01) at 4000 ppm after

14 weeks. The relative organ weight increases were not associated with any evidence of
hisopathology. Microscopic examination of prepared tissues from al mgor organs
revealed no evidence of histopathologica changes that could be associated with
administration of the test material in the diet [Carpanini et &., 1973].

Groups of mae and femde rats (15/sex) were maintained on a diet containing apha:
amylcinnamaldehyde a levels cdculated to result in the approximeate daly inteke of 6.1
mg/kg bw for males and 6.6 mg/kg bw for females for a total of 90 days. Bodyweight
measurements, food consumption, and observations of general condition were recorded
regularly. Hematologica and dlinical chemistry examinations were conducted on 8 rats of
esch sex a week 6 and again on al animals a week 12 of experimentation. Neither
measurements of growth, hematology, clinica chemigtry, nor histopathology at necropsy
revealed any evidence of toxic effects [Oser et a., 1965].
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Groups of male and female Sprague-Dawley rats (Y sex) received a 25 mg/kg dose of
apha-hexylcinnamadehyde applied topicdly to the back daly for 9 days. Bodyweight
measurements and observations of genera condition were recorded regularly. At
termination, hematologicd and dinica chemidry examinatiions, urindyss, and liver and
kidney weights were measured. Microscopic examination of liver, kidney, skin and
spina cord were conducted. Neither measurements of growth, hematology, clinica
chemistry, nor histopathology revealed any evidence of toxic effects [Moreno, 1981].

Dose levels of 0, 125, 250, 500, cr 1000 mg/kg bw of apha-hexylcinnamadehyde were
administered percutaneoudy to the backs of groups of abino rats (15/sex/group) daly for
90 days. Clinicad observations and weekly body weight measurements showed a
decreased surviva in the 1000 mg/kg dose level and sgnificantly decreased body weights

in both sexes at 500 and 1000 mg/kg dosed groups. Hematologica and dlinica chemistry
examinaions conducted a week 6 and again on al animds a study termination reveded
elevated white cell counts and segmented neutrophils in the two highest dose group of
males and reduced lymphocyte counts only at the highest dose. In femades, dlevated white

blood cdll counts were reported in the three highest dosed groups, but only the 250 mg/kg

group showed sgnificantly reduced lymphocytes. Gross examination reveded irritation
to the application Ste and gastrointestind mucosa. Liver and kidney weights of femaes
were sgnificantly increased at 250, 500, and 1000 mg/kg dose levels. Histopathological

examinaion reveded that the 1000 mg/kg dose level was associated with hepatic
hydropic vacudlization and single cdl degeneration, splenic lymphoid fibross, focd
gadtric ulceration, necrotizing dermatitis, and increased myeloid-erythroid upon bone
marrow examination. A NOAEL of 125 mg/kg was reported [Lough et al., 1980].

In a study designed to evauate the toxicity to the male and female reproductive systems,
groups of SPF Fu ahino mae and femde rats (14/sex/group) were given ora doses of 0,
2,5, 25, or 50 mg/kg bw of p-t-butyl-apha-methylhydrocinnama dehyde dally by gavage

in rape seed oil for 13 weeks. A satellite group at 50 mg/kg bw/day was maintained for an

additiona 4 weeks post trestment. Relative and absolute liver weights were increased in
maes magindly a 25 mgkg bw/day and more dgnificantly & 50 mgkg bwiday.
Femaes showed increased absolute and relative liver weight at 25 and 50 mg/kg bw/day
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and increased absolute and relative adrena weights at 50 mg/kg bw/day. However, these
organ weight effects were reversible, in that after 4 weeks post treatment these was no
difference between absolute and relative organ weights in treatment and control groups.
Effects on spermatogenesis and spermiogenesis included, induction of spermatoceles in
the cauda epididymidis, possble obsruction of the epididymd ducts, and sgnificant
number of Sertoli cdll-only tubules in the 50 mg/kg bw/day group only. An NOAEL level
for testicular effects was of 25 mg/kg bw/day [Givaudan-Roure, 1990c].

The study was repested when 6 groups of albino Fu mae (14/group) rats were given the
same dose leves of p-t-butyl-alpha-methylhydr~innamaldehyde daily by ord gavage for
13 weeks. An additional 50 mg/kg bw/day dose group was observed for 4 weeks post-
treatment. Testes and epididymides of dl mae rats were subjected to microscopic
examinaion. Treatment related histopathology reveded increased dendty of Leydig
cdls, spermatoceles and testicular atrophy in maes, again only in the 50 mg/kg bw/day
group [Givaudan-Roure, 1990d].

To determine if the testicular effects were species specific to the rat, groups of Beagle
dogs (3/sex/group) were administered capsules containing 0, 4.4, 22.3, or 44.6 mg/kg bw
p-t-butyl-al pha-methylhydrocinnamal dehyde dally for 13 weeks. There was no evidence
of toxicity in ether sex based on daly observations, weekly measurement of body
weights and food intake, hematologica and dlinica chemigtry examination, urinanaysis,
organ weight measurement, and complete histopathology evauation [Givaudan-Roure,
1990b]. In a Pweek pilot study, 2 male beagle dogs were given oral doses of p-t-butyl-
apha-methyklihydrocinnamadehyde at increasng dose level beginning a 50 ulkg/day
for the first week and reaching 400 ul/kg/day from weeks 48. At week 9, the dose was
increased to 600 ulkg/day. Higtopathologicd examination reveded no sgnificant
changes to the any of the tissue, including the testes, evauated [Givaudan-Roure, 1990¢].
Inasmilar gudy, 3 femae Beagle dogs were given capsules contaning 200 mg/kg bw p-
t-butyl-al pha-methyl hydrocinnama dehyde daily for 13 weeks. Again no adverse effects
were observed [Givaudan-Roure, 1990f].
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Finally, 2 rhesus monkeys were given 100 mgkg bw of p-t-butyl-alpha-
methylhydrocinnamaldehyde administered in baby food daly for 5 days. Microscopic
examination of the epididymides and testes faled to reved any evidence of toxicity
[Givaudan-Roure,  1990g]. The tedticular and epididymd changes occurring in rats
administered 50 mg/kg bw of p-t-butyl-al pha-methylhydrocinnamaldehyde by gavage 5
days per week for 90 days was not observed at 25 mg/kg bw and lower dose levels. Daily
doses of 100 mg/kg bw for 5 days did not cause these effects in male mice, male guinea
pigs, or mae monkeys. Likewise no effects were observed after daily adminisiration of
45 mg/kg bw to male (3) and female (3) dogs (beagles) 5 days per week for 90 days.

Plasma pharmacokinetic sudies were performed after oral adminigtration of 25 or 100
mg/kg bw of p-t-butyl-apha-methylhydrocinnamadehyde to rats. Pegk plasma levels of
14.3 ug equivdentsml a 3.5 hours and 52 ug equivdents/ml at 1.75 hours were achieved
with the low and high dose, respectively, in male rats. The O-48 hour Area Under the
Curve (AUC) was 122 ug.hr/ml and 937 ug.hr/ml, respectively [Hawkins . al., 1995].
Pesk plasmalevels and AUC were dso measured after derma administration 16 mg of p-
t-butyl-a pha-methylhydrocinnamaldehyde to humans. This dose was estimated to be
approximately equivalent to a high-level exposure encountered in a cosmetic application.
Peak plasma levels never exceeded the detection limit of 0.0.25 ug/ml and a theoretica
“upper limit” AUC was estimated to be 0.3 ug.hr/ml [Hawkins et. al., 1994]. Based on a
comparison of peak plasma levels and AUC for humans sd mae rats, it was concluded
that the adverse effect levels were a least 3 orders of magnitude greater than leves of
exposure in humans under conditions of use. Also, no effect levels in rats occurred at
dose levels at least 2 orders of magnitude greater than estimated human exposure.

3.4.4 Reproductive  Toxicity

Reproductive studies on cinnamyl derivetives have concentrated on the parent acohol,
adehyde, and acid. Rats were administered 5, 25, or 250 mg/kg bw/day cinnamadehyde
by gavage in odlive oil on days 7 to 17 of gedtation. A control group was included;
however, it was not stated whether or not the controls received the dlive oil vehicle. The
number of dams treated per group was 15, 14, 16 and 15 for the control, low-, mid-, and
high-dose groups, respectively. Fetd abnormalities observed included: poor cranid
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ossfication in al dose groups, increased incidences Of dilated pelvisireduced papilla in
the kidney as well as dilated urethras in the low- and mid-dose groups, and an increase in

the number of fetuses with two or more amnorma stemebrae in the mid-dose group.
These effects are associated with gpparent maternal toxicity as evidenced by a dose
related decrease in weight gain at the two highest dose levels [Mantovani et al., 1989].

Female rats were ordly administered a 53.5 mg/kg bw dose of cinnamyl acohol on ether
day four (implantation) or on days 10- 12 (organogenesis) of gestation. On day 20 of
gedtation, al animas were terminated and fetuses removed for examination. Nether
measurements of fetd bodyweight, length, nor surviva number reveded any sgnificant
differences between test and control animals. Histopathologica examinations reveded a
dight reduction in skeletd ossfication of the extremities Examination of the sagittal
sections reveded no anomalies in relation to pdata Sructure, eyes, brain, or other
internal organs [Maganova and Zaitsev, 1973].

In a second study, femae rats were ordly administered a 53.5 mg/kg bw dose of
cinnamyl acohol once per day for the entire course of pregnancy. On day 20 of gestation,
50% of animas from both test and control groups were terminated and the fetuses
removed for examination. Neither measurements of fetd bodyweght, liver nucleic acids,
number of survivors, nor examination of bone development reveded any sSgnificant
differences between test and control animals. The remaining femades from both groups
delivered normdly. Nether measurements of offspring bodyweight, surviva number, nor
sze and generd development a birth or a one month reveded sgnificant differences
between test and controls [Zaitsev and Maganova, 1975].

In an additiond study by the same authors, femde rats were ordly administered O, 5, or
50 mg cinnami ¢ acid/kg bw once daily for the entire course of pregnancy. On day 20 of
gedtation, 50% of the femaes from al groups were terminated and the fetuses removed
for examination. Fetd body weght measurements, number of survivors, bone
development, and hepatic nucleic acids were determined and no ggnificant differences
between test and control animals were noted. The remaining femaes from both trested
and control groups ddlivered normally on days 22-23 of gestation. Neither measurements
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of offgoring bodyweight, Sze, survivd number, nor generd development at birth or one
month following revedled any Sgnificant differences between test and control animas
[Zaitsev and Maganova, 1975].

345 Developmental  Toxicity

Inan in vivo developmenta toxicity assay, 50 time-mated CD-1 femae mice received
sngle ord doses of 1200 mg/kg of cinnamadehyde in corn oil on days 613 of gedtation.
Female body weights were measured on days 6- 15 of gestation and 3 days postpartum.
Endpoints monitored included litter Size, birth weight, neonata growth, and surviva to 3
days postpartum. Based on the measured parameters there was no significant difference
between test and control groups [Hardin et d., 1987].

34.6 New Testing Required

Basad on the consstent low acute ord and dermd toxicity in 29 sudies, the “weight of
evidence’ that these substances exhibit no sgnificant genotoxic potentid in standardized
in vitro and in vivo assays, the lack of any sgnificant toxicity a dose levels many orders

of magnitude grester than estimated levels of human exposure, and the lack of any
reproductive or developmenta effects in the absence of high-dose maternd toxicity, it is

concluded that no additional testing is necessary for this chemical category.
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3.5 Test Plan Table

Physical-Chemical Properties

Chemical , —
Mélting Boiling Vapor Partition Water
Point Point Pressure Coefficient Solubility
CAS No. 104-55-2
Cinnamaldenyde NA | A Calc Calc T,Calc
CAS No. 122-40-7
a pha-Amylcinnamal dehyde NA | Cale A Cale
CAS No. 101-86-0 NA A
apha-Hexylcinnamaldehyde Cale
CAS No. 8046
p-t-Butyl-alpha- NA Calc A T, A
methyldihydrocinnamal dehyde
Environmental Fate and Pathways
Chemical —
Photodegradation St{/dagg n Biodegradation | Fugacity
CAS No. 104-55-2
_ Calc Calc R Calc
Cinnamaldehyde
CAS No. 122-40-7
Calc Calc A Calc
alpha-Amylcinnamal dehyde
CAS No. 101-86-0
_ Calc Cale A Calc
a pha-Hexylcinnamaldehyde
CAS No. 80-54-6
p-t-Butyl-alpha- Calc A A Calc
methyldihydrocinnamaldehyde
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Chemical

Ecotoxicity

Acute Toxicity

Acute Toxicity to
Aquatic

Acute Toxicity to Aquatic

to Fish Invertebrates Plants
CAS No. 104-55-2
_ Test, Calc Test, Cale Test, Cale
Cinnamaldehyde
CAS No. 122-40-7
_ Calc Calc Cale
apha-Amylcinnamal dehyde
CAS No. 101-86-0
. Calc Calc Calc
apha-Hexylcinnamaldehyde
CAS No. 80-54-6
p-t-Butyl-alpha- Test, Calc Test, Calc Test, Cale
methyldihydrocinnamal dehyde
Human Health Data
Chemical Acute [ Genetic | Genetic Repeat Repro- Develop
Toxicity |Toxicity |Toxicity | Dose ductive mental
InVitro | In Vive |Toxicity Toxicity Toxicity
CASNo. 104-55-2
Cinnamal dehyde A A A A A A
CASNo.12240-7
A A A A R R
apha-Amylcinnamal dehyde
i
CAS No. 101-86-0
A A A A R R
apha-Hexylcinnamaldehyde
CAS No. 80-54-6
p-t-Butyl-alpha- A A A A R R
methyldihydrocinnamal dehyde
Cegend
Symbol Description
R Endpoint requirement fulfilled using category approach, SAR
Test Endpoint requirements to be fulfilled with tesiing
Calc Endpoint requirement fulfilled based on calculated data
A Endpoint requirement fulfilled with adequate existing data
NR Not required per the OECD SIDS guidance
NA Not applicable due to physical/chemical properties
0 Other
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